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Kawasaki Disease ConvalescenceKawasaki disease (KD) is a generalized systemic
vasculitis, although the coronary artery system is
typically involved. Coronary artery lesions (CAL)
develop in 25% of children during the acute stage of
KD and may lead to infarction, sudden death, or
chronic coronary artery insufﬁciency (1). In about
50% of cases, complete, spontaneous resolution
occurs within 1 year after onset (2).
The purpose of this study was to evaluate myocar-
dial perfusion reservewith the use of perfusion cardiac
magnetic resonance (CMR) in children with a pre-
vious history of KD and coronary involvement and
correlate it with coronary morphologic abnormalities.
Fourteen asymptomatic patients with history of KD
and coronary involvement (male patients, n ¼ 8; mean
age 10.2  7.2 years) were prospectively examined
with CMR using a 1.5-T magnetic resonance (MR) unit
(Intera, Philips Healthcare, Best, the Netherlands).
Electrocardiography-gated 2-dimensional steady-
state free precession images were acquired forfunction assessment. Stress/rest ﬁrst-pass perfusion
was assessed using a turbo fast low-angle shot
sequence (in-plane spatial resolution: 2.5  2.5  10.0
mm; 3 short-axis slices during intravenous contrast
medium infusion (gadobutrol 0.1 mmol/kg body
weight) after administration of 140 mg/kg/min adeno-
sine for 4 min and at rest, with a 15-min interval. To
assess ﬁbrosis, late gadolinium enhancement (LGE)
images were acquired 10 min after (inversion recovery
turbo fast low-angle shot). A 3-dimensional steady-
state free precession sequence with T2 and fat satura-
tion pre-pulses was used for MR angiography. Imaging
was performed under anesthesia, if necessary, with
continuous intravenous infusion of remifentanil and
controlled ventilation.
Mean and segmental myocardial perfusion reserve
index (MPRI), as deﬁned by the ratio of stress to rest
myocardial signal intensity relative upslope, were
measured quantitatively (QMass MR 7.5, Medis,
Leiden, the Netherlands). Left ventricular endocar-
dial and epicardial boundaries of the left ventricle
were automatically outlined and manually edited for
through-plane motion on a 16-segment model, in time
series of short-axis cine MR images. An abnormal
coronary artery was deﬁned according to criteria
established by the Japanese Ministry of Health.
A 5-SD threshold above the mean remote myocardial
signal was used to study LGE images.
Comparisons of continuous variables with a normal
distribution were performed using the independent-
sample Student t test. Correlation analysis was
assessed using Pearson correlation. The coefﬁcient of
variation was calculated to study the variability of the
measurements. Data are expressed as mean  SD
unless otherwise speciﬁed. Values of p < 0.05 were
considered statistically signiﬁcant.
In 8 of 14 patients, CMR was performed under
anesthesia. Persisting CAL were identiﬁed with MR
angiography in 5 patients. Inducible perfusion defect
by visual assessment was detected in 1 patient. LGE
identiﬁed myocardial scar in 1 patient. Mean MPRI
was signiﬁcantly impaired in all patients, compared
with historical pediatric control subjects (0.86 
0.256 vs. 2.46  0.3, p < 0.001, 1 sample Student t
test) (3). No signiﬁcant difference in mean MPRI was
identiﬁed between patients with regressed CAL (9 of
14) and persistent CAL (5 of 14) (1.0  0.3 vs. 0.79 
0.225; p ¼ 0.31). In patients with persisting CAL, no
differences in MPRI were demonstrated between
segments subtended by arteries with regressed and
persistent CAL. Patients’ clinical and CMR character-
istics are presented in Table 1.
Previous histologic studies in the acute and chronic
phase of KD have conﬁrmed inﬂammatory cell
TABLE 1 Clinical and CMR Characteristics of KD Patients (N ¼ 14)
Age at CMR examination, yrs 10.2  7.2
Male 8/14 (57)
Age at KD onset, yrs 5.0  3.5
Interval from acute event, yrs 4.9  5.6
Treatment
IVIG 14/14 (100)
Aspirin 14/14 (100)
Steroids 0/0 (0)
Exam under anesthesia 8/14
Coronary artery status by MRA
Transient CAL 9/14 (64)
Persistent CAL 5/14 (36)
Dilation of RCA origin/dilation of LAD-LCX
bifurcation mm
3/4
Dilation of LMCA, mm 4
Dilation of LAD origin, mm 4
Dilation of LM/LAD, mm 4
Giant aneurysm of LMCA/LAD aneurysm, mm 17/4
Function
LVEF, % 60.0  4.7
Normal 67.0  5.0
LV EDVI, ml/m2 73.0  22.4
Normal 90.0  11.0
LV ESV, ml/m2 29.0  10.1
Normal 30.0  7.0
Myocardial perfusion
Inducible visual defect 1/14
Basal to apical lateral subendocardial defect,
related to LMCA giant aneurysm
Mean MPRI, all patients 0.86  0.256
Mean MPRI, transient CAL 1.0  0.30
Mean MPRI, persistent CAL 0.79  0.225
LGEþ 1/14
Basal inferior subendocardial scar
Values are mean  SD, n/N (%), n/N, or n.
þ ¼ positive; CAL ¼ coronary artery lesion; CMR ¼ cardiac magnetic resonance;
EDVI ¼ end-diastolic volume indexed; ESV ¼ end-systolic function; IVIG ¼ intra-
venous immunoglobulin; KD ¼ Kawasaki disease; LAD ¼ left anterior descending
artery; LCX ¼ left circumﬂex artery; LGE ¼ late gadolinium enhancement;
LMCA¼ left main coronary artery; LVEF ¼ left ventricular ejection fraction; MRA ¼
magnetic resonance angiography; MPRI ¼ myocardial perfusion reserve index;
RCA ¼ right coronary artery.
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107inﬁltration of the arterial wall, with subsequent
reparative elastic ﬁbers replacement by ﬁbrous tissue
and chronic myoﬁbroblastic intimal proliferation (4).
A limited number of studies with nuclear medicine
tracers in KD patients identiﬁed reduced hyperemic
ﬂow and ﬂow reserve, despite resolution of epicardial
vessel disease, as indicative of functional microvas-
cular abnormalities (5).
In our study, we demonstrated with the use of CMR
that MPRI was markedly decreased in all myocardial
segments regardless of the epicardial disease status.
These ﬁndings are in agreement with previous
studies, suggesting that microvascular dysfunction is
a substantial feature of the underlying diseased
myocardium.Only quantitative perfusion analysis was able
to detect the abnormalities due to the lack of regional
differences in perfusion. Quantitative CMR perfu-
sion imaging inﬂuences substantially the appreciation
of myocardial perfusion pattern in KD and provides
further insight into its pathophysiological substrate.
The limitations of the study were the small number
of patients and the lack of a pediatric normal refer-
ence group, due to the ethical obstacles in applying a
stress exam in a healthy pediatric population.
In conclusion, quantitative perfusion CMR iden-
tiﬁes abnormal perfusion reserve in KD convales-
cent patients irrespective of the coronary artery
status, which is suggestive of signiﬁcant coronary
microvascular dysfunction. The clinical implications
of these ﬁndings need further assessment.Konstantinos Bratis, MD
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Activity Within the Calciﬁed Atherosclerotic
Lesions by Tc 99m HMDP ScintigraphyThe process of active calcium deposition as demon-
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n of the marked area (square).recently proposed to be associated with high-risk
plaques (1). Similarly, the computed tomography
(CT)-veriﬁed spotty calciﬁcation is associated with the
plaques that have resulted in recent acute coronary
events (2). However, although coronary artery calcium
score has been shown to positively correlate with car-
diovascular disease risk, extensive vascular calciﬁca-
tion, probably representing a burnt-out disease, may
be more prominently associated with stable plaques
(3). Because vascular calciﬁcation does not occur in a
degenerative and passive process of calcium deposi-
tion, and may represent an active phenotypic change
associated with bonemineralization (4), bone-forming
activity within the atherosclerotic plaques rather than
calcium volume and/or calcium density scores might
be a better marker for predicting future cardiovascular
events. Indeed, serum levels of alkaline phosphatase,
a marker of osteoblastic activity, have been associated
with all-cause or cardiovascular mortality among sur-
vivors of myocardial infarction and in a general pop-
ulation (5). Similar to the ﬂuoride imaging of the active
process of calciﬁcation, we measured the osteoblastic
activity within the carotid atherosclerotic plaques
by using a technetium Tc 99m hydroxy-methylene-
diphosphonate (99mTc-HMDP) scintigraphy.
A 72-year-old man with a history of hyperuricemia,
dyslipidemia, and hypertension had a bruit in his
left neck. Although he had no symptoms associated
with brain ischemia, carotid artery ultrasonography
and CT angiography showed the calciﬁed athero-
sclerotic lesions of the left internal carotid artery
(Figure 1A). The peak systolic velocity in the left
internal carotid artery was 255.8 cm/s (normal
range <200 cm/s) in Doppler carotid artery ultraso-
nography, and a left post-bulbar internal carotid artery
stenosis was 85% in a diagnostic angiography. In cor-
egistration of enhanced CT and bone scintigraphy, an
intense accumulation of 99mTc-HMDP was observed
within the calciﬁed carotid atherosclerotic lesions
(Figure 1B). There was no measurable accumulation
of 99mTc-HMDP in other atherosclerotic lesions
without vascular calciﬁcation. Based on the NASCET
(North American Symptomatic Carotid Endarterec-
tomy Trial) guidelines, he was a very high-risk
patient for cerebrovascular disease, and the carotid
endarterectomy was performed. Immunohistochem-
ical analysis revealed that bone-speciﬁc alkaline
phosphatase was abundantly expressed in the excised
calciﬁed lesions of atherosclerosis (Figure 1C).
Because 99mTc-HMDP has a strong afﬁnity for hy-
droxyapatite crystals in the mineral phase of bone,
especially sites of new bone formation, the present
report suggests that bone scintigraphy with
99mTc-HMDP might be a feasible and useful method to
